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material, removing the coating film of the powder coat- 
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be coated, and then curing the remaining coating film of 
the powder coating material. 
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Description 

The present invention relates to a process for coating a steel plate, whereby a coating film excellent in corrosion 
preventing properties, adhesion, etc. can be formed. 

5 For a steel plate to be used for a steel structure such as a tank, a bridge or a ship, it has been common for the pur- 
pose of preventing rust to adopt (a) a method wherein a primary rust preventive coating material is coated thereon and 
then, after masking a portion which is not required to be coated, such as a portion to be welded or fused, an organic 
solvent type coating material is coated thereon, or (b) a method wherein a primary rust preventive coating material is 
coated on steel plates, then the coated steel plates are assembled by e.g. fusing and welding, and then an organic sol- 

10 vent-type coating material is coated thereon. 

However, by such conventional methods, an organic solvent type coating material is used as a finish coating mate- 
rial, whereby it has been difficult to form a thick coating film by one operation, and it has been necessary to repeat wet- 
on-wet coating a few times. Thus, such methods have had problems such that the operation efficiency for coating is 
poor; and since an organic solvent is used, the working environment for coating is bad, there is a danger of fire, and 

is there is a problem also from the viewpoint of conservation of resources. 

Further, the above-mentioned method (a) requires a step of masking a portion which is not required to be coated, 
which makes the process cumbersome. On the other hand, in the . above-mentioned method (b), the steel plates are 
assembled and then coating is applied, whereby it has had problems that uniform coating is difficult as compared with 
coating at the stage of steel plates, and the working efficiency for coating is very poor. 

20 The present inventors have studied a possibility of coating on a coating film of a primary rust preventive coating 
material a powder coating material instead of the conventional organic solvent type coating material, as the finish coat- 
ing material, so that a thick coating film can be obtained by one coating operation without using an organic solvent. 

However, heretofore, when a primary rust preventive coating material is applied to a steel plate which will be sub- 
jected to heat processing such as fusing, welding or stress relieving, an inorganic type primary rust preventive coating 

25 material using an inorganic binder such as an alkali silicate or an aikyl silicate excellent in the heat resistance, has been 
used not only to provide corrosion preventive properties but also to minimize the heat deterioration or baking loss of the 
coating film, and such an inorganic primary rust preventive coating material has been found to be very poor in the adhe- 
sion to the powder coating material. 

The reason for this poor adhesion is believed to be such that while the inorganic primary rust preventive coating 

30 material is poor in the flexibility of the coating film, the powder coating material will have substantial shrinkage and strain 
of the coating film during the curing of the coating film as compared with the organic solvent-type coating material, 
whereby the adhesion between the two coating films tends to be poor. 

Under these circumstances, it is an object of the present invention to develop a primary rust preventive coating 
material excellent in the adhesion to the powder coating material without reducing the heat resistance and the corrosion 

35 preventing properties and to provide a process for coating a steel plate, which provides good working efficiency for coat- 
ing utilizing the characteristic of the powder coating material such that when applied to a steel plate having a portion 
which is not required to be coated, removal of the coating film is easy. 

Thus, the present invention provides a process for coating a steel plate, which comprises coating and curing on the 
surface of the steel plate, a primary rust preventive coating material comprising a zinc powder and a binder which com- 

40 prises (A) a hydrolyzed condensate of a tetraalkoxy silicate and/or a hydrolyzed condensate of an organoalkoxysilane 
of the formula RSi(OR*)3 wherein R is a C^s organic group, R' is a C^s alkyl group or a C V4 acyl group, and (B) a silyl 
group-containing vinyl resin, wherein the weight ratio of the Si0 2 component in (A) to (B) is from 98:2 to 60:40, then 
coating a powder coating material thereon to form a coating film of the powder coating material, removing the coating 
film of the powder coating material formed on a portion which is not required to be coated, and then curing the remain- 

45 ing coating film of the powder coating material. 

Now, the present invention will be described in detail. 

The primary rust preventive coating material to be used in the present invention is the one composed of substan- 
tially the same components as the components for conventional inorganic primary rust preventive coating materials, 
except that a certain specific binder is employed. 

so Namely, the primary rust preventive coating material to be used in the present invention comprises a zinc powder 
and a binder which comprises (A) a hydrolyzed condensate of a tetraalkoxy silicate and/or a hydrolyzed condensate of 
an organoalkoxysilane of the formula RSKOR^ wherein R is a C^s organic group, R' is a C^s alkyl group or a acyl 
group, and (B) a silyl group-containing vinyl resin, as the essential components, and various components, for example, 
a pigment such as an extender pigment, a rust preventive pigment or a coloring pigment, a solvent, an additive such as 

55 an anti-sagging agent, a wetting agent, a curing accelerator, a segregation preventive agent, a precipitation preventive 
agent or an antistatic ag nt, may be incorporated as the case requires. 

Th hydrolyzed condensate of a tetraalkoxy silicate is the one obtained by reacting a tetraalkoxy silicate such as 
tetramethoxy silicate, tetraethoxy silicate, tetrapropoxy silicate, tetraisopropoxy silicate or tetrabutoxy silicate in a sol- 
vent such as an alcohol by using a necessary amount of water and an acid catalyst such as hydrochloric acid, nitric acid 
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or formic acid. Generally, the molecular weight of the hydrolyzed condensate is preferably from 2,000 to 30,000 as the 
weight average molecular weight calculated as polystyrene. 

R in the organoalkoxysilane of the formula RSifOR^ is a C^s organic group, for example, an alkyl group such as 
a methyl group, an ethyl group or a n-propyl group, or a y-chloropropyl group, a vinyl group, a rQlycidoxypropyl group, 
a phenyl group, a 3,4-epoxycyclohexyl ethyl group, or a r-aminopropyl group. R' is a C^. 5 alkyl group or a acyl 
group, such as a methyl group, an ethyl group, a n-propyl group or an acetyl group. 

Specific examples of such an organoalkoxysilane include methyltrimethoxysilane, methyltriethoxysilane, ethyrtri- 
methoxysilane. ethyltriethoxysilane, n-propyltrimethoxysilane, y-chloropropyltrimethoxysilane, vinyl trimethoxysilane, 
3,3,3-trichloropropyltrimethoxysilane, rglyc^oxypropyltrimethoxysilane, y-methacryloxypropyltriethoxysilane, phenylt- 
rimethoxysilane, Y-aminopropyltrimethoxysilane, and 3,4-epoxycyclohexylethyltrimethoxysilane. 

Such a hydrolyzed condensate of an organoalkoxysilane is obtainable by a condensation reaction of an orga- 
noalkoxysilane in a substantially the same manner as in the case of the above-mentioned tetraalkoxy silicate. 

Such a hydrolyzed condensate preferably has a weight average molecular weight of from 1,000 to 100,000, more 
preferably from 3,000 to 30,000, as calculated as polystyrene. 

As the above-mentioned silyl group-containing vinyl resin, a resin of the following formula having at least one silyl 
group in its molecule and a molecular weight of from 1 .000 to 30,000, is preferred. 

Xn-SKR^-n-CHCR;,)- 

wherein X is a hydrolyzable group such as halogen, alkoxy, acyloxy, ketoxymate, amino, acid amide, amidoxy, marcapto, 
alkenyloxy or phenoxy, and each of and R 2 is hydrogen or a monovalent hydrocarbon group such as a C^ 0 alkyl 
group, an aryl group or an aralkyl group, and n is an integer of from 1 to 3. 

Such a resin can be produced by reacting a hydrosilane compound of the formula X n -Si(R-|) 3 . n -H wherein X, R-| and 
n are as defined above, with a vinyl resin having a carbon-carbon double bond in the presence of a catalyst. 

As such a hydrosilane compound, methyidichlorosilane, methyldiethoxysilane, methyldiacetoxysilane or methyldi- 
aminoxysilane may, for example, be mentioned as a typical example. The amount of the hydrosilane compound is usu- 
ally from 0.5 to 2 mol times to the carbon-carbon double bond contained in the vinyl resin. The above vinyl resin is 
suitably a resin composed mainly of a homopolymer or copolymer of a vinyl monomer selected from the group consist- 
ing of a (meth)acryiic acid ester such as methyl (meth)acrylate, ethyl (meth)acrylate or 2-ethylhexyl (meth)acrylate; a 
carboxylic acid or its acid anhydride such as (meth)acrylic acid, itaconic acid or maleic anhydride; an epoxy compound 
such as glycidyl (meth)acrylate; an amino compound such asdiethylaminoethyl (meth)acrytate; an amide compound 
such as (meth)acrylamide; acrylonitrile, styrene and vinyl acetate. By radically copolymerizing e.g. allyl (meth)acrylate 
or diallyl phthalate during the production of such a homopolymer or copolymer of a vinyl monomer, it is possible to intro- 
duce a carbon-carbon double bond for a hydrosilylation reaction, into the vinyl resin. 

As another method for its production, a method may be mentioned wherein the above vinyl monomer and a vinyl 
group-containing silyl compound such as vinyl trichlorosilane, vinyl triethoxysilane, vinyl trimethoxysilane, vinyl tris(p- 
methoxyethoxy)silane, Y-methacryloxypropyttrimethoxysilane or vinyl triacetoxysilane are polymerized by radical polym- 
erization. 

Such a silyl group-containing vinyl resin is specifically disclosed in Japanese Examined Patent Publication No. 
19871/1991 and Japanese Unexamined Patent Publications No. 171754/1986, No. 225205/1986 and No. 
132977/1988. As commercial products, Zemlac YC-3623 and Zemlac YC-3835 (tradenames, manufactured by 
Kanegafuchi Chemical Ind. Co., Ltd.) may be mentioned. 

The binder as a constituting component of the primary rust preventive coating material comprises the above 
described hydrolyzed condensate of a tetraalkoxy silicate and/or the hydrolyzed condensate of an organoalkoxysilane 
of the above-mentioned formula (A) and the silyl group-containing vinyl resin (B), wherein the blend proportions of the 
two are such that the weight ratio of the Si0 2 component in (A) to (B) is from 98:2 to 60:40, preferably from 90:10 to 
70:30. If component (A) is larger than the above range, the after-mentioned adhesion to the powder coating material 
tends to be poor, and the crack resistance, flexibility or the like tends to be poor. On the other hand, if it is less than the 
above range, the heat resistance, the corrosion preventing properties and the curing properties tend to be poor, such 
being undesirable. 

The zinc powder to be used for the primary rust preventive coating material of the present invention, is preferably 
a powder product having an average particle size of from 1 to 1 5 \ur\ or a flake product having an average longer diam- 
eter of from 3 to 30 ]un. The zinc powder is incorporated to provide a corrosion preventive effect to the primary rust pre- 
ventive coating material by an electrochemical action. 

* The pigment which may be incorporated as the case requires, ma y, for exg rjpleJae an extender pigment such as 
talc, calcium carbonat , calcium sulfate, barium sulfate or mica. gTD ^rSreventive piamem'au ch as zinc phosphate, alu- 
minum phosphate, calcium phosphate, barium borate, calcium metebCFSe, zinc molybdate or calcium molybdate; or a 
coloring pigment such as titanium oxide, iron oxide red or carbon black. The above-mentioned solvent may, for example, 
be an alcohol or its derivative such as methanol, ethanol, i-propyl alcohol, ethylene glycol, ethylene glycol monomethyl 
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ether or propylene glycol monoethyl ether; a ketone such as acetone or methyl ethyl ketone; an ester such as methyl 
acetate or ethyl acetate; or a hydrocarbon such as xylene or toluene; or water. 

ThejyimaryTu^^ coating materi al composed of the above described constituting components, preferabl y 

h as a^moositioncomprisifl^ Ttorh b to bU wt%, prefera bl y trom 7 to 20 wt%. ot the binder, from 15 to 70 wt%, pr efer- 

5 a bly from 20 to 50 wt%, of the zinc powder, from 0 to 60 wt%, preferably from 20 to 50 wt%, of a p igment, and from 1 
to JO wt% of oHHiti^c yyhP rain toeSw eonteni 5 from fift-4o^s_wfy,> pre terasiv trom bo to 90 wt%T 

Next, as the powder coating material to be used in the present invention, any conventional powder coating material 
may be used without any particular restriction. This powder coating material is the one prepared by melt-kneading a 
mixture containing a conventional synthetic resin such as an epoxy resin, an acrylic resin, an unsaturated polyester 

io resin or a fluorine resin, as an essential component, and having various components for example a curing agent, a pig- 
ment and an additive such a surface adjusting agent incorporated as the case requires, by an extruder, a heat roll mill, 
a kneader or the like at a temperature at which no substantial crosslinking reaction will take place between the above- 
mentioned synthetic resin and the curing agent, followed by cooling and pulverization. The powder coating material is 
preferably adjusted to have an average particle size of from 10 to 250 urn, preferably from 20 to 80 urn, and a melting 

15 point of from 60 to 1 30°C, preferably from 70 to 1 20°C. 

However, in the present invention, it is particularly preferred to employ an active energy radiation curable powder 
coating material, whereby the coating film of the powder coating material can be cured at a low temperature in a short 
period of time on a steel plate having a large heat capacity. 

The active energy radiation curable powder coating material to be used in the present invention is composed of 

20 substantially the same composition as a conventional powder coating material except that a resin having a polymeriz- 
able double bond, which undergoes radical polymerization to have a higher molecular weight and form a cured coating 
film when irradiated by an active energy radiation, is used. 

Namely, the active energy radiation curable powder coating material to be used in the present invention is the one 
containing a resin having a polymerizable double bond, as an essential component, and having various components for 

25 example, a pigment such as a coloring pigment, a corrosion preventive pigment or an extender pigment, a photocon- 
ductive material, an additive such as a surface controlling agent, an anti-sagging agent or an anti-static agent may be 
incorporated as the case requires. When an ultraviolet ray is used as the active energy radiation, it is necessary to fur- 
ther incorporate a photopolymerization initiator. 

Such a resin is a resin which is solid at room temperature and which has a melting point of from 60 to 130°C, pref- 

30 erably from 70 to 120°C, and has a polymerizable double bond. 

If the melting point is lower than the above range, the powder coating material tends to undergo blocking, whereby 
the storage stability will be poor. On the other hand, if it exceeds the above range, a very large heat energy will be 
required for melting the powder coating material, when it is applied to a steel plate having a large heat capacity. 

The resin has a polymerizable double bond, so that when an active energy radiation is irradiated to trie molten coat- 

35 ing film, the resin undergoes radical polymerization to have a higher molecular weight thereby to improve the physical 
and chemical strength. Accordingly, it is preferred to let the resin have from about 1 .2 to 1 0 polymerizable double bonds, 
preferably from 1 .5 to 5 polymerizable double bonds, per molecule on average. Further, it is advisable not to incorporate 
a resin curing agent to the active energy radiation curable powder coating material, since it is undesirable that after 
melting the coating film, curing starts before irradiation of the energy radiation. Thus, the active energy radiation curable 

40 powder coating material is designed so that the resin molecules will be directly bonded and cured by the polymerizable 
double bonds. 

The resin to be used in the present invention is not particularly limited so long as it satisfies the above conditions. 
Various conventional resins such as an acrylic resin, an epoxy resin, an unsaturated polyester rein and a fluorine resin, 
may be employed. Usually, the molecular weight of the resin is preferably from about 1 ,000 to 100,000. Specifically, a 
45 molecular weight of from 1 ,500 to 50,000, particularly from 5,000 to 30,000, is preferred for the acrylic resin, a molec- 
ular weight of from 1 ,000 to 30,000, particularly from 1 ,200 to 1 0,000, is preferred for the epoxy resin, and a molecular 
weight of from 1 ,000 to 30,000, particularly from 3,000 to 20,000, is preferred for the unsaturated polyester resin. 

Such a resin can be produced by reacting a polymer or oligomer (a) having a functional group such as a hydroxyl 
group, an isocyanate group, a carboxyl group, a glycidyl group or an amino group with a monomer, oligomer or polymer 
50 (b) having a functional group reactive with the above functional group by a conventional method. At that time, by using 
a monomer, oligomer or polymer having a polymerizable double bond for at least one of (a) and (b), a resin having a 
polymerizable double bond can be obtained. 

The combination of functional groups of the above (a) and (b) may, for example, be a combination of a hydroxyl 
group with a carboxyl group, an isocyanate group or a glycidyl group; a combination of an isocyanate group with an 
55 amino group; a combination of a carboxyl group with an amino group or a glycidyl group; or a combination of a glycidyl 
group with an amino group, as a typical example. 

The proportions of the above (a) and (b) for reaction ar preferably such proportions that the equivalent ratio of the 
functional groups of the two will b 1/1. However, in a case where unreacted free functional groups do not adversely 
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affect the properties of the cured coating film, they may be mixed and reacted in such proportions that either one of the 
functional groups will remain unreacted. 

The resin may be incorporated in an amount of from 30 to 100 wt%, preferably from 40 to 80 wt%, in the powder 
coating material. If the content of the resin is less than 30 wt%. the resulting coating film tends to be poor in various 

5 physical and chemical strength. 

As the above-mentioned pigment, various pigments commonly used for conventional powder coating materials, for 
example, a coloring pigment such as titanium oxide, zinc oxide, zinc sulfide, carbon black, iron oxide red, lithopone, 
phthalocyanine blue or ultramarine blue, an extender pigment such as calcium carbonate, calcium sulfate, barium sul- 
fate or talc, and other metallic pigments and the above-mentioned rust preventive pigments, may be used without any 

10 particular restriction. Such a pigment can be incorporated in an amount of up to 70 wt% in the powder coating material, 
but it is usually preferably at most 50 wt%. 

As the above-mentioned photoconductive material, transparent spherical glass beads, transparent irregular- 
shaped glass powder or transparent hollow glass powder having an average particle size of from 5 to 60 ^m may, for 
example, be mentioned as a typical example. The photoconductive material is incorporated to transmit an ultraviolet ray 

75 deep into the coating film, when the ultraviolet ray is used as the active energy radiation. Accordingly, it is not necessary 
to incorporate it in a case where a powder coating material containing no opaque component such as a coloring pig- 
ment, is used, or in a case where a thin coating is applied. In a case where a powder coating material having an opaque 
component incorporated, is used or in a case where the coating film thickness is at least 200 jim, it is advisable that a 
photoconducting material is incorporated in an amount of from 10 to 60 wt% in the powder coating material. 

20 The above-mentioned photopolymerization initiator is necessary when the active energy radiation is a ultraviolet 
ray. In the case of an electron beam, the photopolymerization initiator may be used as the case requires. As the pho- 
topolymerization initiator to be used in the present invention, various photopolymerization initiators commonly used for 
conventional ultraviolet curable coating materials, for example, a benzoin compound such as benzoin or benzoin methyl 
ether; an anthraquinone compound such as anthraquinone or methyl anthraquinone; benzil; a phenyl ketone compound 

25 such as acetophenone or benzophenone; a sulfide compound such as diphenyl disulfide or tetramethyl thiuram sulfide; 
and an aromatic onium salt compound, may be used without any particular restriction. However, in a case where a pow- 
der coating material having an opaque component incorporated, is used or in a case where a thick coating is applied, 
it is particularly preferred to employ an acyl phosphine oxide compound such as trimethylbenzoyldiphenylphosphine 
oxide, dimethoxybenzoyldiphenylphosphine oxide, dichlorobenzoyldiphenylphosphine oxide or dimethylpropionyldiphe- 

30 nylphosphine oxide. In order to properly cure the coating film, the photopolymerization initiator is incorporated usually 
in an amount of from 0.1 to 5 parts by weight per 100 parts by weight of the resin. 

The surface-controlling agent includes, for example, a cellulose derivative, a polymer of an acrylic acid long chain 
alkyl ester, a fluorinated polymer and wax, and the anti-sagging agent includes, for example, silica powder, bentonite 
and metal soap. The antistatic agent includes, for example, a guanidine derivative, a sulfonic acid derivative, a quater- 

35 nary ammonium salt, a polyethylene glycol type nonionic surfactant, a phosphorus-containing anionic surfactant, a tin 
oxide-surface treated titanium oxide, mica and carbon. 

The active energy radiation curable powder coating material to be used in the present invention, can be prepared 
by a conventional method. For example, it can be produced by melt-kneading a mixture of the above-mentioned various 
components by an extruder, a heat roll mill or a kneader at a temperature higher by about 5 to 50°C than the melting 

40 point of the resin used, followed by cooling and fine pulverization to obtain a powder having an average particle size of 
from 10 to 250 preferably from 20 to 1 50 jim. However, the preparation is not limited to such a specific method, and 
other conventional methods may, of course, be employed. 

Now, the process for coating a steel plate according to the present invention will be described. 

Pretreatment such as blast treatment or degreasing treatment is applied to the steel plate surface, as the case 

45 requires, and then the above-mentioned primary rust preventive coating material is coated on the steel plate surface by 
a means such as air spraying or airless spraying so that the dried film thickness will be from 5 to 50 |Am, preferably from 
10 to 30 fim, followed by natural drying or forcible drying. 

To the steel plate having a coating film of the primary rust preventive coating material thus applied, the powder 
coating material is coated by a means such as electrostatic spraying or air spraying so that the cured film thickness will 

so be from 30 to 500 \xm t preferably from 100 to 300 

Then, the coating film at a portion where the coating film of the powder coating material is unwanted (i.e. a portion 
which is not required to be coated) such as a portion to be welded or fused, is removed. 

The removing method is not particularly limited, but it is convenient to employ a method wherein a pipe means hav- 
ing a flat opening narrower than the width of the portion which is not required to be coated, is vacuumed from the rear 

55 end, and the forward end of the pipe means is brought in contact with the steel plate or is moved around the entire por- 
tion which is not required to be coated, with a distance of a few mm therefrom, so that the coating film of the powder 
coating material formed thereon is removed under suction. As another removing method, it is possible to employ a 
method wherein only the coating film formed at other than the portion which is not required to be coated, is electrostat- 
ically firmly bonded, and then compressed air is blown to the steel plate surface to scatter and remove the coating film 
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of the powder coating material formed at the portion where the bonding strength is weak i.e. the portion which is not 
required to be coated. The removed powder coating material may be recovered and reused. 

The coating film of the powd r coating material has a merit in that it will not be wet like an organic solvent coating 
material, whereby the operation for removing the coating film is simple and requires less time for the removal treatment. 
5 As mentioned above, after r moving the coating film of the powder coating material on the portion which is not 
required to be coated, the coating film of the powder coating material remaining on the steel plate surface, is cured. 

In a case where the powder coating material used, is thermoplastic, it is common that the coating film is melted by 
heating at a temperature higher by about 10 to 50°C than the melting point of the resin as a constituting component and 
then left to cool to form a cured coating film. 
10 In a case where the powder coating material used, is thermosetting, the coating film is baked at a temperature at 
which the resin melts and undergoes a crosslinking reaction with the curing agent, usually at a temperature of from 150 
to 250°C, for from 5 to 30 minutes, to form a cured coating film. 

As the means for heating the powder coating material, high-frequency heating or infrared heating may be men- 
tioned as a typical means. 

is On the other hand, in a case where the powder coating material used, is an active energy radiation curable type, 
the coating film is heated at a temperature higher by about 10 to 50 °C than the melting point of the resin as a constitut- 
ing component, to melt the coating film and then an active energy radiation is irradiated to the coating film while it is in 
a molten state, to form a cured coating film. 

As the active energy radiation, an ultraviolet ray or an electron beam may suitably be employed. 

20 As the source for irradiating the ultraviolet ray, a mercury lamp, a xenon lamp, a metal halide lamp or a carbon arc 
may, for example, be mentioned as a typical example. The dose for irradiation is usually from about 200 to 2,000 
mj/cm 2 . As the source for generating the electron beam, a Cockcroft type, a van de Graaf type, a resonance transformer 
type, a dynamitron type or a high frequency type, may, for example, be mentioned as a typical example. The dose is 
usually from 0.5 to 20 Mrad. As the active energy radiation, other radiations such as y-ray, X-ray or a-ray, may also be 

25 used. 

By the process of the present invention, the following effects, which can not be obtained by conventional tech- 
niques, can be obtained. 

(1) In the present invention, a certain specific primary rust preventive coating material is used, whereby the coating 
30 film has heat resistance and corrosion resistance comparable to a conventional inorganic primary rust preventive 

coating material, the adhesion with the powder coating material is excellent, and the flexibility can also be 
improved. 

(2) A powder coating material is used as a finish coating material, whereby a thick coating film can be formed by 
one operation, and since no organic solvent is used, the working environment for coating is good, the possibility of 

35 a danger of fire is less, and conservation of the resources is possible. 

(3) In a case where after coating over the entire surface of a steel plate, a coating film formed at a portion which is 
not required to be coated, is to be removed, since a powder coating material is employed, the coating film will not 
be wet like an organic solvent type coating material and remains to be dried, whereby the removing operation is 
easy, and it is possible to eliminate a cumbersome step like a step for masking treatment, and the operation effi- 

40 ciency for coating is excellent. 

(4) In a case where an active energy radiation curable type coating material is used as the powder coating material, 
it is unnecessary to conduct baking at a high temperature for a long period of time as in the case of a thermosetting 
type powder coating material, and accordingly curing can be completed in a short period of time without requiring 
a large heat energy for curing the coating film on a steel plate having a large heat capacity. 

45 

Now, the present invention will be described in further detail with reference to Examples. However, it should be 
understood that the present invention is by no means restricted by such specific Examples. In the Examples, "parts" 
and mean "parts by weight" and "% by weight", respectively. 

so Preparation of a solution of a hydrolyzed condensate of a tetraalkoxy silicate 

35 parts of tetraethoxy silicate ("Ethyl Silicate 40", tradename, manufactured by Nippon Colcoat K.K.) and 61 parts 
of isopropyl alcohol were stirred and mixed at 40°C, and then a mixture comprising 1 part of 1 N hydrochloric acid and 
3 parts of water, was dropwise added thereto over a period of 90 minutes. After the dropwise addition, the mixture was 
55 stirred at 40°C for further 4 hours to obtain a solution of a hydrolyzed condensate of tetraethoxy silicate (hereinafter 
referred to as hydrolyzed condensate A-1). The weight average molecular weight of the condensate as calculated as 
polystyrene was 13,000. 
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Preparation of a solution of a hvdrolvzed condensate of an oraanoalkoxvsilane 

40 parts of methyltriethoxy silicate and 54 parts of isopropyl alcohol were stirred and mixed at 40°C, and then a mix- 
ture comprising 0.3 part of 0.1 N hydrochloric acid and 5.7 parts of water, was dropwise added thereto over a period of 
5 90 minutes. After the dropwise addition, the mixture was stirred at 40°C for further 4 hours to obtain a solution of a 
hydrolyzed condensate of methyltrieth xy silicate (hereinafter referred to as hydrolyzed condensate A-2). The weight 
average molecular weight of the condensate as calculated as polystyrene was 1 0,000. 
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Preparation of primary rust preventive coating materials 



Components as identified in Table 1 were mixed to obtain primary rust preventive coating materials (i) to (ix). 
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Preparation of acrylic resin A 

Into a four-necked flask 200 parts of xylene and 260 parts of methyl isobutyl ketone were charged and heated to 
1 10°C in a nitrogen atmosphere. Th n, a solution preliminarily prepared by dissolving 13.7 parts of tert-butylperoxy 2- 
5 ethylhexanoate in a mixture comprising 180 parts of methyl methacrylate, 21 7.5 parts of ethyl acrylate, 53.2 parts of 2- 
hydroxyethyl methacrylate and 4.6 parts of acrylic acid, was dropwise added thereto with stirring over a period of 2.5 
hours. Thirty minutes later, a mixture having 2.0 parts of tert-butylperoxy 2-ethylhexanoate dissolved in 30 parts of 
methyl isobutyl ketone, was dropwise added thereto over a period of 30 minutes, and the mixture was further aged for 
two hours. 

10 Then, the mixture was cooled to 90°C, and 2.5 parts of dibutyltin dilaurate and 49.8 parts of 3-isopropenyl-a,a- 
dimethylbenzine isocyanate were added thereto, followed by a reaction for one hour. Then, the solvent was removed 
under reduced pressure. The obtained copolymer had a weight average molecular weight of 10,500, a hydroxy! value 
of 25.2 mgKOH/g (solid content), a melting point of 95°C, and about 4.7 pdymerizable double bonds per weight aver- 
age molecular weight (this copolymer will be hereinafter referred to as acrylic resin A). 

15 

Preparation of epoxy resin B 

Into a four-necked flask, 900 parts of a bisphenol A type epoxy resin ("Epicoat 1004", tradename, manufactured by 
Yuka Shell Epoxy K.K., melting point: 98°C, epoxy equivalent: 875-975), 86 parts of methacrylic acid, 0.2 part of hydro- 
20 quinone and 1 .5 parts of imidazole were charged and heated to 150°C in a nitrogen atmosphere, and the mixture was 
reacted until the acid value became 5. The obtained epoxy acrylate resin had a number average molecular weight of 
1 ,550, a melting point of 1 1 8°C and about 1 .8 polymerizable double bonds per number average molecular weight (this 
epoxy acrylate resin will be hereinafter referred to as epoxy resin B). 

25 Preparation of powder coating materials (!) to (III) 

A blend product as identified in Table 2 was mixed by a Henschel mixer, then melted and kneaded by a bus- 
cokneader heated to 125°C and then cooled and roughly pulverized to obtain a pelletized kneaded product. This 
kneaded product was pulverized by a pin mill to obtain a powder coating material (I), (II) or (III) having an average par- 
se tide size of about 40 |im. 
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Table 2 



5 






(Unit: 


parts) 




Active energy radiation 
curable type powder 
coatinq material No. 


(!) 


(II) 


(III) 


10 


Acrylic resin A 


60 








Epoxy resin B 




60 


60 


15 


Transparent glass powder* 4 


25 


25 


25 




Titanium oxide 


10 


10 






Carbon black 






0.04 


20 


Trimethylphosphine oxide 

Dicholorobenzoyldiphenylphosphine 
oxide 


1.2 


1.2 


1.2 


25 


Flowabilitv-adiustinq agent* 5 


0.2 


0.2 


0.2 



*4) Average particle size: 15 jm 

*5) "PF-S", tradename, manufactured by Kyoeisha Yushi 
K.K. 



35 

EXAMPLES 1 TO 7 AND COMPARATIVE EXAMPLES 1 AND 2 

A primary rust preventive coating material as identified in Table 1 was air spray-coated on the surface ol a steel 
plate treated by shot blasting (size: 1 00 x 200 mm, thickness: 3.2 mm) so that the dried film thickness would be about 
40 20 \im, and naturally dried for seven days at 20°C under a relative humidity of 65%. 

Then, a powder coating materia! of a thermosetting epoxy resin type ("V pet #1 300 gray", tradename, manufactured 
by Dai Nippon Toryo Co., Ltd.) was electrostatically spray-coated over the entire surface so that the cured film thickness 
would be about 150 |xm. Then, the coating film of the powder coating material at the portion which was not required to 
be coated along the periphery with a width of 20 mm of the coated steel plate, was removed under suction by a suction 
45 apparatus having a flat opening with a width of 1 5 mm at the forward end. Then, baking was carried out at 230°C for 5 
minutes to cure the coating film of the powder coating material. 

Tests were carried out with respect to the initial coating film appearance, the initial adhesion and the coating film 
appearance after a salt spray test of the obtained coating film, and the results are shown in Table 3. 

Further, a test on corrosion preventing properties (inclusive of heat resistance) was carried out with respect to the 
so coating film of the primary rust preventive coating material prior to coating the powder coating material, and the results 
are also shown in Table 3. 

As is apparent from Table 3, the coating films obtained by the process of the present invention were excellent in the 
corrosion preventing properties and the heat resistance, and they are also excellent in the adhesion to the powder coat- 
ing material. 

55 On the other hand, in Comparative Example 1 using a primary rust preventive coating material in which no silyl 
group-containing vinyl resin was incorporated, the adhesion to the powder coating material was poor. 

Further, in Comparative Example 2 using a primary rust preventive coating material having an excess amount of 
the silyl group-containing vinyl resin incorporated, the corrosion preventing properties and the heat resistance were 
poor. 



10 

08/04/2003, EAST Version: 1.04.0000 



EP 0 722 993 A1 



w 



15 



20 



25 



30 



35 



40 



45 



50 



0) 

ro 5 

o w 
u 





co 




CD 








a 




E 


n 


to 






CD 


w 


i-H 




.Q 




CO 









.2 8 



in 

CM 



13 
O 

o 

CD 







CT> 
C 






in 




> 


g r 


(N 

\ 


Peeli 


er 


CO 


o 


o 


qo 




qo 



H 0 
> 0 



in 

(N 



TD 
O 

o 



•H O 

> o 



in 

CN 



CO 
CN 



o 
o 



- t s 
4 I s 



O 
O 

u 



> O 
•H 0 



m 

CN 



CN 



O 
O 
O 



D 
O 
0 



in 

CN 



T5 
O 
0 

o 



no 
0 

o 

CD 



in 

CN 



o 
o 
o 



T3 
O 
O 
U 



m 

CN 



in 

CN 



o 

O 
O 



0) 

> 

•H 

4-1 . e 

C O rH 

tt) Z -H 

> U-l 

a) r-i 

u m 

ft -H C 



4J <D 
10 4J 

^ cd 



4J vo 

CO « 

O CD 

U U 

c 

>*i CT> H CO 

U C CO U 

OJ -H -H CO 

g xj 4J o; 

•H CO -H ft 

H O C ft 

& O M CO 



iu 

Cn 
C 
•H 

-P 

CO ^ 
O r» 
O * 

C 

rH O 
CO -H 
•H C/) 
-U CD 
•H £ 

c *o 

*H CO 



0) oo 
u « 

C 4J 

CO ui 

U CD 

ro 4-> 
CU 

ft >i 

ft rd 

cq u 
ft 

6 to 



u-i i— i 
rO 

a> to 
c 

•H Vj 

4J CD 

<0 a-* 

O u-i 

U ro 



o o 

rH rH 



* 


QJ 






U 




to 


Z) 




CD 


W 




0J 


od 




>i 


X 




<0 


0) 










ft 


u 


o 


10 


0 






0 


* 


4J 


T5 
-M 




rH 


CO 


<0 


3 


0) 




o 





rH CN 



CO CO 



« 


CJ 






u 




to 






CJ 


to 




4J 


od 




>n 


X 




<0 


cu 




J-i 






ft 




fN 


Ui 


0 


rH 




0 


« 


-P 


TD 


4-> 


r-i 


-M 


in 


rO 




CD 


m 


O 


4J 



to 

, o c 

c O u O 

(J U .H 



I I CP 

CD C C 

M QJ -H 

ft > JJ 



I I 10 
O CD 
V-i CD -H 
ft ft4J 



55 



11 

08/04/2003, EAST Version: 1.04.0000 



EP 0 722 993 A1 

*6) Visual evaluation 

*7) The coating film was cross-cut to form squares (2 mm 
interval, 25 squares), and then peeling test was 
conducted by means of an ^adhesive tape, whereby the 
number of squares where the coating film remained, 
was counted. 

*8) The state of the coating film at the cross-cut 
portion after the salt spray test for 700 hours, 

*9) Formation of rust after a salt spray test for 240 
hours was evaluated in accordance with ASTM D610. 

*10) Formation of rust after an outdoor exposure test for 
3 months, was evaluated in accordance with ASTM D610. 

*11)A sample plate was left to stand in an electric 

furnace of 800°C for 5 minutes and then left to cool, 
whereupon the same test as in *9) was carried out for 
evaluation, 

*12)A sample plate was left to stand in an electric 

furnace of 800°C for 5 minutes and then left to cool, 
whereupon the same test as in *10) was carried out 
for evaluation. 



EXAMPLES 8 TO 14 AND COMPARATIVE EXAMPLE 3 

A cured coating film was formed in the same manner as in Example 1 except that a powder coating material of a 
thermosetting acrylic resin type ("V pet #1370", tradename, manufactured by Dai Nippon Toryo Co. Ltd.), was used 
instead of the powder coating material of the thermosetting epoxy resin type. As the primary rust preventive coating 
material, the one identified in Table 4 was used. 

Tests were carried out with respect to the initial coating film appearance and the initial adhesion of the obtained 
coating film, and the results are shown in Table 4. 

As is evident from Table 4, the coating films obtained in Examples 8 to 14 were excellent in the adhesion without 
any abnormality such as formation of bubbles. On the other hand, in Comparative Example 3 using a primary rust pre- 
ventive coating material in which no silyl group-containing vinyl resin was incorporated, formation of bubbles was 
observed in the coating film, and the adhesion was poor. 
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Table 4 





Examples 


Comparative Examples 




8 


9 


10 


11 


12 


13 


14 


3 


Primary rust pre- 
ventive coating 
material No. 


(i) 


09 


(iii) 


(iv) 


(v) 


(vi) 


(vii) 


(viii) 


Initial coating film 
appearance* 6 * 


Good 


Good 


Good 


Good 


Good 


Good 


Good 


Bubbles observed 


Initial coating film 
adhesion* 7 ) 


25/25 


25/25 


25/25 


25/25 


24/25 


24/25 


25/25 


0/25 



*6) Visual evaluation 

*7) The coating film was cross-cut to form squares (2 mm interval, 25 squares), and then a peeling test was conducted 
by means of an adhesive tape, whereby the number of squares where the coating film remained, was counted. 



EXAMPLES 15 AND 16 AND COMPARATIVE EXAMPLE 4 

In the same manner as in Example 1 , a primary rust preventive coating material as identified in Table 5 was coated 
25 and dried on a steel plate treated by shot blasting, and then an active energy radiation curable powder coating material 
as identified in Table 5 was electrostatically spray-coated over the entire surface so that the cured film thickness would 
be about 150 u/n. 

Then, in the same manner as in Example 1 , the coating film of the powder coating material at the portion which was 
not required to be coated, was removed under suction. Then, the coated steel plate was put in an electric furnace, and 
30 the coating film of the powder coating material was melted under the conditions as identified in Table 5. Then, the steel 
plate was immediately put in an ultraviolet irradiation apparatus, and a ultraviolet ray was irradiated under the conditions 
as identified in Table 5 to cure the coating film of the powder coating material. The ultraviolet irradiation apparatus was 
provided with a metal halide lamp having a parallel type reflection plate, and the ultraviolet ray was irradiated with a dis- 
tance between the lamp and the steel plate being set at 100 mm. 
35 With respect to the obtained coating film, the same coating film property tests as in Example 1 were conducted, 
and the results are shown in Table 5. 

As is evident from Table 5, the coating films obtained in Examples 1 5 and 1 6 were curable in a short period of time 
at a low temperature and were excellent in both the adhesion and the corrosion preventing properties. 

On the other hand, in Comparative Example 4 using a primary rust preventive coating material in which no silyl 
ao group-containing vinyl resin was incorporated, the adhesion was poor. 
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Table 5 





Examples 


Comparative Example 




15 


16 


4 


Primary rust preventive coating material No. 


(i) 


(ii) 


(viii) 


Active energy radiation curable powder coating material No. 


(H) 


(III) 


(Ii) 


Melting conditions (steel plate temperature (°C) x time (minutes}) 


140x5 


140x5 


140x5 


Ultraviolet irradiation conditions (irradiation dose (mj/cm 2 ) x irradi- 
ation time (seconds)) 


600x30 


800 x 30 


600 x 30 


Initial coating film appearance" 6 ) 


Good 


Good 


Bubbles observed 


Initial coating film adhesion" 7 ) 


25/25 


25/25 


0/25 


Coating film appearance after salt spray test" 8 ) 


Good 


Good 


Peeling observed 



*6) Visual evaluation 

"7) The coating film was cross-cut to form squares (2 mm interval, 25 squares), and then peeling test was conducted by 
20 means of an adhesive tape, whereby the number of squares where the coating film remained, was counted. 
*8) The state of the coating film at the cross-cut portion after the salt spray test for 700 hours. 



25 

EXAMPLE 17 

In the same manner as in Example 1 , primary rust preventive coating material No. (Ill) was coated and dried on a 
steel plate treated by shot blasting, and then active energy radiation curable type powder coating material No. (I) was 

30 electrostatically spray-coated over the entire surface, so that the cured film thickness would be 150 pm Then, in the 
same manner as in Example 1 , the coating film of the powder coating material at the portion which was not required to 
be coated, was removed under suction. Then, the coated steel plate was put into an electric furnace, and the coating 
film of the powder coating material was melted (condition: steel plate temperature x time = 130 °C x 3 minutes). 
Then, the steel plate was immediately put into the above described ultraviolet radiation apparatus, and an ultraviolet ray 

35 was irradiated (condition: dose x time ■ 800 mj/cm 2 x 30 seconds ). 

The obtained coating film was excellent with a initial adhesion of 25/25 without any abnormality such as formation 
of bubbles. 

Claims 

40 

1 . A process for coating a steel plate, which comprises coating and curing on the surface of the steel plate, a primary 
rust preventive coating material comprising a zinc powder and a binder which comprises (A) a hydrolyzed conden- 
sate of a tetraalkoxy silicate and/or a hydrolyzed condensate of an organoalkoxysilane of the formula RSi(OR*)3 
wherein R is a C^ Q organic group, R' is a C-j.s alkyi group or a C M acyl group, and (B) a silyl group-containing vinyl 
45 resin, wherein the weight ratio of the Si0 2 component in (A) to (B) is from 98:2 to 60:40, then coating a powder 
coating material thereon to form a coating film of the powder coating material, removing the coating film of the pow- 
der coating material formed on a portion which is not required to be coated, and then curing the remaining coating 
film of the powder coating material. 

so 2. A process for coating a steel plate, which comprises coating and curing on the surface of the steel plate, a primary 
rust preventive coating material comprising a zinc powder and a binder which comprises (A) a hydrolyzed conden- 
sate of a tetraalkoxy silicate and/or a hydrolyzed condensate of an organoalkoxysilane of the formula RSiJOR^ 
wherein R is a C^ organic group, R' is a C^s alkyl group or a C^ acyl jgroup, and (B) a silyl group-containing vinyl 
resin, wherein the weight ratio of the Si0 2 component in (A) to (B) is from 98:2 to 60:40, then ooating an active 

55 energy radiation curable powder coating material containing a resin having a polymerizable double bond and a 
melting point of from 60 to 1 30°C, thereon to form a coating film of the powder coating material, removing the coat- 
ing film of the powder coating material formed on a portion which is not required to be coated, then melting the 
remaining coating film of the powder coating material by heating, and irradiating an active energy radiation thereto 
to cure the coating film of the powder coating material. 
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3. The process for coating a steel plate according to Claim 1 or 2, wherein the primary rust preventive coating material 
comprises from 5 to 50 wt% of the binder, from 15 to 70 wt% of the zinc powder and from 0 to 60 wt% of a pigment, 
wherein the solid content is from 50 to 95 wt%. 

5 4. The process for coating a steel plate according to Claim 2, wherein the resin having a polymerizable double bond 
is at least one resin selected from the group consisting of an epoxy resin, an acrylic resin, an unsaturated polyester 
resin and a fluorine resin. 

5. The process for coating a steel plate according to Claim 1 or 2, wherein the dried film thicknesses of the primary 
10 rust preventive coating material and the powder coating material are from 5 to 50 \xm and from 30 to 500 urn, 
respectively. 
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